Abstract: Reform of the Chinese petroleum industry has entered its second phase since early 1999. The productivity of the petroleum industry has been greatly improved, while the safety performance and records are not satisfactory. This paper investigates the critical factors for improving safety performance in the Chinese petroleum industry. The data used for the analysis are from a questionnaire survey administered to 480 professionals in the petroleum industry in which 143 valid responses were received. Statistical analysis techniques are used to analyze the data collected. The findings revealed that the most significant source of the safety problem is due to the combination of several reasons, including (a) violation on operating procedures, (b) obsolete facilities and equipment failures, (c) insufficient safety management system, (d) improper commands, number of casualties, and (e) production performances and operating skills. The three most essential protective methods include safety training and increasing staff's safety consciousness, cultivating safety culture, and enhancing equipment management and detecting hazards in time.
Introduction
There are various factors influencing safety in the industrial practice, particularly in the process of implementing petroleum projects. Industrial practitioners always feel confused on the identification of most significant factors that affect safety performance in the practice. Many employees who work in the petroleum projects have suffered from various catastrophic accidents. For instance, there were 125 accidents which resulted in the death of 533 people in the petroleum industry in China and USA in 2012 (Du et al. 2013) . The consequence of petroleum project accidents can also create nuisance to the environment. Poisonous and corrosive chemicals released from petrol accidents will not only harm people's health but also bring environmental damage such as gas pollution (Wu 2007) . For example, Gasikule oilfield in Qaidam basin led serious underground pollution due to blowout and surface-emitting oil accidents in 2003. Solid materials containing pure and polluted oil leaked harm the surrounding soil that causes desertification and extensive deaths of wild lives (Zhao et al. 2003) . Therefore, analyzing the important degree of different safety factors can help both the working and managerial staff to understand the safety issue in the petroleum projects and take corresponding protective measures.
With proper understanding of safety factors in the petroleum projects, managers in petroleum business can take adequate measures to supervise and improve the whole production process so that the damage to precious materials can be reduced and organizational reputation can be upheld.
There are various existing studies on the subject of safety management and performance on the petroleum projects (Aven and Vinnem 2007) . These studies can be classified into two groups: one with the focus on the investigation of safety problem and managerial methods, and the other with the focus on case studies. Yu et al. (2015) proposed an elaborate security assessment system for petroleum projects which took 16 safety factors such as standard operation, mechanical integrity, selection of contractors, contingency management, and so on into account to improve the management level of process safety in domestic enterprises. Wang (2015) paid more attention on enhancing humanized management, safety awareness, proper distribution, and completion of safety production structure. The problem of being scarce in professional team for safety management in petroleum corporations was put forward by Tang (2016) , where a safe production environment established would bring beneficial effects on petroleum companies. Song (2014) suggested several measures for improving safety performance in the petroleum projects, such as improving the qualities of staff and strengthening frequent daily safety check. Thinking of enterprise security concept and its significance, Gao (2011) explained that well-organized management and perfect protection methods are becoming much more imperative and effective in petroleum projects. Yang (2013) stated that humanized management policies implemented in petroleum projects would contribute to safety in production. Progress in safety management and the unity of managers and staff play an essential role in the safety of petroleum business. In addition, Qian (2016) presented four tail-made suggestions to the safety risk management of underground petroleum projects in China: (a) establishment of laws and regulations, (b) implementation of safety risk management system, (c) foundation of decision support systems, and (d) forecasting and controlling measures for major accidents in underground engineering. Two inevitable uncertainties such as unpredictable causes and shortage of proper tools in nuclear power plant projects were pointed out by Hoo and Yang (2016) , and the computerized system was expected to assist project managers in monitoring, tracking, and controlling potential impacts of risk events. As fuels in petroleum stations are flammable liquids, protection concepts are needed for their transport, use, and shortage and for the operation. Considering safety characteristics of petroleum mixtures such as flash points and upper explosion points, Brandes (2009) proved that protection concepts are still reliable nowadays. After considering direct and indirect factors such as environmental corrosion and leakage of tubes which influenced the conflagration in one oilfield in 2011, Qiu and Gao (2013) suggested that security alarm system and employees responding to risk should be strengthened. By consecutive analysis of three impressive petroleum accidents in USA and China, Huang (2007) focused on the importance of facilities updated for easier operation and stricter supervision from managers. The accidents of petroleum projects can be divided into four major categories, including (a) fall from a height, (b) electric shock, (c) fire, and (d) vehicle damage (Xu and Su 2011) . However, the literature did not cover the key factors affecting the safety performance in the petroleum projects.
Therefore, this paper aims to identify the critical factors improving safety performance and recommend the most important safety management measures within the context of the Chinese petroleum industry.
Research methodologies
The raw data for analysis in this study are collected from a questionnaire survey to examine the severity of safety factors in relation to the petroleum projects. The questionnaire comprised 32 safety factors and 13 safety measures as identified from the literature. The factors are across seven categories, including (a) staff's unsafe behavior, (b) unsafe working conditions, (c) management negligence, (d) safety performance assessment, (e) factors for selecting managerial staff, (f) staff's annual appraisal and bonus distribution, and (g) selection of contractors. The 32 safety factors and the 13 safety measures are listed in Tables 1 and 2 , respectively.
The questionnaire was divided into three sections: (1) culture of safety management system, mechanism design, resource allocation, and other aspects of the "safety first, prevention-oriented" thinking; (2) its use of resource discovery and governance and ability of safety hazards; and (3) its implementation of operational procedures and ability to achieve post-safety measures. Respondents were the employees from China National Petroleum Corporation, Southwest Oil and Gas Field Branch. Three levels of employees were involved in the survey: (1) managerial departmental officers; (2) baseline production and safety management cadres; and (3) frontline workers. All levels of respondents had at least 5 years of safety-related experience. The questionnaire survey was conducted between October 2016 and December 2016. A 5-point Likert scale was used for the questionnaire survey to examine respondents' relevant importance of the questions.
In total, 480 questionnaires were distributed to various professionals in petroleum business, and 143 effective responses were received. Correlation analysis was used to undertake data processing and identify the critical key factors in relation to the safety issue in the petroleum projects. Table 3 summarizes the number of respondents who gave different ratings to the factors as identified in the literature. Using the statistical analysis, the research data are first examined using the parameter covariance. It aims to identify the significance of the factors in relation to the safety performance of the petroleum projects. Second, the correlation coefficient is adopted to further study the correlations between the critical factors. The findings can be useful for the managerial level to implement and improve the safety measures. The statistical analysis of the mean and variance is summarized in Tables 5 and 6 . Similarly, Table 6 summarizes the analysis results of the safety measures, and the ranking results are also identified by using the parameter covariance 
Research data

Responses on the importance of safety factors
Responses on the importance of safety measures
Correlation analysis
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Code
Less significant More significant
By using the value 0.4 as the threshold of correlation coefficient to judge whether two or more measures are significantly correlated, measures such as M1, M4, and M5 are considered critical safety management measures.
Discussion
From the analysis results generated in the "Data analysis" section, the critical safety factors, such as F1: violation on operating procedures, F6: obsolete facilities and equipment failures, F10: insufficient safety management system, F16: improper commands, F17: number of casualties, F22: production performances and operating skills, and F32: performance of successful safety management, are identified as the most impressive factors in petroleum understand the relevance between these 15 factors. This understanding will help confirm the critical safety factors. By using the data given in Table 5 , the correlation analysis of the top 15 factors is calculated, and the results are summarized in Table 7 .
A previous study suggested that two factors have no relevance if their correlation coefficient assumes a value of <0.3, weak relevance with the coefficient value of 0.3-0.5, significant relevance with the coefficient value of 0.5-0.8, and strong relevance with the value of >0.8 (Cohen et al. 2013) . Theoretically, 0.5 should be adopted for the threshold based on the literature. However, after carefully analyzing the data and results from this study, 0.4 has been selected as threshold for judging whether two or more projects. The managerial staff in petroleum business realize that staff's improper behaviors, unsafe working conditions, management negligence, and unprofessional management ability can bring catastrophic outcomes to them and the environment, including enormous explosive and massive destruction. This has also been pointed out in previous studies. An operator in Jilin Chemical industry violated the operation procedures and did not switch off the steam valve, causing the material in preheater to vaporate. Consequently, heating the steam during the production procedure further lead to sudden temperature raise in heater. With the huge explosion in 2005, eight workers died directly and factory suffered from significant damage and heavy economic loss. In August 2014, contractors intended to promote the process of petroleum projects in Lu Keqin oil factory and then forced illegal mining blindly which caused severe destruction of oil pipelines. Contractors' unsafe behaviors and loose supervising managements were to blame. Taking another example, a fire accident was caused by oil spill in Changqing oil field in 2014 and lax safety supervision and the lack of HSE risk management capacity took the responsibility which proved the results significantly.
In referring to safety management measures, there are numerous protective methods introduced to strengthen safety management capacity. As described in the "Data analysis" section, the most important measures are suggested as M1, M4, and M5: safety training and increasing staff's safety consciousness, cultivating safety culture, and enhancing equipment management and detecting hazards in time. Due to the limited funds, shortage of human resources and time constraints, petroleum companies usually cannot afford to promote all those protective measures. However, they can implement some targeted measures which not only help petroleum companies achieve maximum efficiency but also assist them to save budget with the data supplied before. Management should contribute more resources particularly to raising safety consciousness across the organization. The culture of total safety management should be promoted, which requests for the participation of not only workers but also management staff, project clients, and government officials.
Management staff in petroleum companies should address these key safety factors by applying these effective management measures in implementing petroleum projects. For example, to deal with the problem of works' unsafe behavior, companies can organize regular safety training according to different positions and evaluate employees' safety awareness. Better safety culture can be educated through introducing incentive mechanism by rewarding those staff who are evaluated as good safety performance colleagues and applying penalties to those staff who are evaluated as poor safety performers. As for the factor of insufficient supervision, training programs on how to supervise safety performance can also be introduced to these managerial staff who assume the role of supervision. It is considered important to implement formal training programs for producing qualified safety management professionals and recruit them in various petroleum companies. On the other hand, effective communications should be promoted between workers and management, which can serve as a counterparty surveillance measure not only between workers and management staff but also among all organization staff themselves. Experience sharing should be promoted between organizations; thus, good safety management methods or practices within the whole petroleum industry can be promoted, which can contribute to the improvement in safety performance across the whole industry. Government assumes a key role in mitigating safety risks in petroleum industry by, for example, establishing the rules of implementing risk management system and regulating the risk behaviors of petroleum companies. 
Conclusion
The paper examined the critical factors for improving safety performance in the Chinese petroleum industry. In addition, the top three important factors, such as violation on operating procedures, number of casualties, and performance of successful safety management are figured out. The most important safety management measures suggested through the survey investigation include (a) safety training and increasing staff's safety consciousness, (b) cultivating safety culture, and (c) enhancing equipment management and detecting hazards in time.
The understanding of these findings are of great significance in formulating proper policies within petroleum industry to improve safety performance and providing a reference measures for improving safety performance in the Chinese petroleum industry. The research method adopted in this study can provide a foundation for the research in safety management in other fields, such as transportation industry, machine operation, and handicraft manufacturing. It is appreciated that the findings of this study are based on the data collected with the focus only on petroleum production without considering those factors and management measures associated with petroleum transportation and petroleum stations. The safety management in both petroleum transportation and stations has many challenges as well, and they are highly recommended issues for further research.
